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gj-gtoj Mjjj&f gat 



Btsoi ^o/^ ?i& st J mow 
H^gj got 

S USB 2IS 0\X\ axig 26H^ % OIB SSStte 2IS 0| xh a XI Oil 3S2SAK CH^ ^/dlSWI 

fc as saAi a §a * i28 xhsai axi2i ^jHi^i- asab a jib 4= at as oixh axig 

S6H^ » OIB SBSffe SIS Olxh 3X1011 39 20ICK 

5)5 sb ax^ssi tt»£ a»sai2i ±gr» si a»sp* ^a^i ^ chi co-s* ncug ax r d\j\s\ 

AhgOl mtUmi SACK Oiaff HCHg a XI- 2PI2I feg OillHXI iJE« 3 r a aX|2| §i££JO| 

gCHSJCH die 01 xl- aX|2| &=?D[ »^B[D\\ aUSJ^ SICK BIS 0| xl- aX|2| »8SSfe 2.1 S- 

aoi^ ^&soi Ahgsin ti^^b bis s^. as ss, &^(^§n se^ uissi) se^ & 
^ ^bxipi- A^esjn 210. *pi tt^i aiae «= Ma . a0 i£ saxnoii ssennu s^ij xi- 
sib us a^ss ssshoj §sai°! /diniaioiaa- »jhi ^>iu ^eaioi c r M. ?h se 

t oi a- e^ioii «g *, aan^s ^aohoi ^m°\ oi» axiM xiisecK 

as oi xh axi 21 »a a&e 3.6-3.7 v qi§ s»a axi, ni-mh axi, Ni-cd axi ^oii 
bi shoi a^s 4* sick nam 01a a^s upi ^ sh ah ^ §«>a a^s^ej 0 

-4.2 V Oil AH a^llfs^o^ ohgsf £5Hoh >S^M0I fi^PSCK Oia& 01^^ OflUg] 3 r £L||0|M, C| 
Dili! 3I-SUI0IM, CI Oil ^ 3hSL1IO|^ dl4*g 3hSL||0l gQH2J a8H^°S M§6Q 

2iCK 32HU Oia» ££S JrXI^ asH^IB Ni-MH axi SE^ Ni-Cd ail Oil A r g£l^ 4= aqueous) 

asH^oii ms\o\ ol8a^£^^ eixiai ^oh us saaAi axi §iaoi xi»sfe shisoi sick 

as oixi- axi2j gaAi °*=oi as-aois^ ^hg^a us as oi^oi e^ei a^ 
^ oi^ohoi & 4^011 eiaaaioiaacK 01 cdh as& &^§soi aaiES a^nh ^gshoi 

Li 2 C0 3 , LiO. Li OH §i ^^A|^ g^2J S^Oil EI^S 1^^. 0 |a& Hl^tg Hxll a6H^(Solid 
Electrolyte Interface; SEI) HSOia^ mc[. §2 S^IOil S^B SEI ifg 2IS OI^HF 

£^ cie mmvtzi y§i ^o^ck £9 oi s Ei^don Tunnel) si <=»mm ^mmo\ as 
oib°im eDiAmcK oi oiB Eiyg as oi^s gQHSf(soivation)Ai^ mm o\mmt= mxt&o\ e 
asH^°j ^^i gDHMoi &± m^oii seiaaaioia sen 751 mhjapi^ ^ 

0^ ShQ . SJB SEI ^SOI §^£JH US, as 01 QUI &± S^OIU Cli M^Hf 

¥^II B\X\ £|CH aS OIBSj gfOI ^^^o^ ^xiSCf. ^, M^2| §2 ^^1011 a 6H 

^Hf eiiSIOI SSOII SEI iim- ^2 nHAItHIOId e(passivation layer )M S^mOj a§H^0| CH 

0I^ M5H£IXI Sfll of§*<oi §«J21 ^Xlg" 4- &UU. Power Sources, 51(1994), 79-104). 

oia&[ oi^^ as oixi- axi^ s^i^j §2 01^ en oi&si bp^^ej hh ai tHi oi <^ sbj y 

§1 UEfLHXI StU o^^ei Ah 01 M 2rO|MS ^Xl& ^ SICK 

nau ^ssi axioiiAH^ sei us ^i-suioim^i ^^i goH^i ^6H^ eis^ axi m 

¥0il ^XilSOl 21Q(7. Power Sources, 72(1998), 66-70). Oia» ^r^^^ bl4^^ ^ 

^i eon2r mm^9] m^o\\ cr^a h 2( co, co 2 , ch 4 , ch 2 , c 2 h 6 , c 3 h 8 , c 3 h 6 mo\ m ^ 910. axi lh 
^9] j\± g^j2^ eima gaAi axi si ¥^Pf asan. sa ^ 28 xhsai ai^oi aasoii caa 

e^hEl a^l^^l^ CHI L-i XI SI- 8 Oil U XI Oil 2J6h01 uHAIWIOI^ SOI AHAH6I g2J£|CH tii ssi 
^^|2J aoH^jOl «J§6^ ¥^§01 Xl^^o^ a(»u^l SCI. SEgl- ^I^5j2] 5^21 »82g oi^oj 

axi lh¥2| o^oi Ah- 6 ^| ^ick oi a & m&°i g^ r ^ axi 21- as saw axi (pli )^f ^§ 
^tf^s ¥Moi2^ e axiai ^§^2] g^^^i- si*£Ji= m&m s^eu. 01s eishoi axi 21 

a^^LH ^^Zi- ffi^^OII/H ^¥^2i XrOISOl ^^8K» aX|2| ^^Bf 2!a^0l XI oh El 2 21 S 0\X[ 
aX|2J A1IM §S| Xh XII S CHg>1l 6r^ ^Xil§0| 2iO. 

^>P| ^X-ilSM 6HH6PI » 8B2S ^§ 0|#2| US ^^A| LH^2| aoH^S &SAI3PI ^Ith 

EE^ a^ »B5|(current breaker)^ S«f»« dl^^ affl^S S^Shfe 0|x r axi2| &a«S 

^H<ysh^ ^soi ^u. nau oi ma 2J shoi 2^g2i 9\mmx\ opiapi^ 

oi $^ch. ses uigj- ^^s 2HX-H6PI ¥imoi a^H^oii s^hxus ^2J5hai sei ^sfAPi^ 

^soi ^axi 2iCK n 011^, ^oig^H ai 97-73918^ oil & noiah2j pmiy 

III H H SI E a§! (di phenyl pi cry Ihydrazy I ) Sf^MM g3h&o^M-| axi2J 28Xl§ai gf^APIfe 

0| ^HA|£|01 £KQ, ^oHg^H XHI96-3213 12S Oil 1-20%2J N-¥^ 0f°i#2| Ifiil aoH^OII ME 

ifo^MI 4=S ^ 5PI XHS^S S^API^ ^SOI :HAl£JOj 2Jo ffl , ^aiS^H HI 96-64238 S 

011^ 3x10 _4 -3x10" 3 M2J iigi g^hShOI aX|2J XHSSM S^APIfe »S0I A| CH 2^2, 
^oHS^H HI 94-333596^011^ 0^ 9&8f iPrSrOI aSH^Bf m^l±2\ ^X1IA|tJo^ Mi 2 XI 2J 

xiss§ s^api^ gfsoi ai a ch aia. 

0I2F ^01 a XI 2| XHS^Hh 3Ha6PI ^ oH AH ^^2j ^3|^ 5E^ ^^IM^ S^H,^^Mi SEI 

^suh ssoii eiqi msm ^sm^ u jgi Ahgam sio. nau s^hti^ sh&M 

s n^2j a^isFafq ^^oii ma ^\ s^sai e^ei 3h^nh assrssKM g«ig>iu sese m 

m&sw, n ^nh^ axhu ois oie^oi xi»sii. axii^^oii ^ixiim BaAi^ia. uias 
Aiuo^ Mi £6-13 2x|o| x-issnh esa, ^ g^M ^sfapi^ ^xiisoi aao. 
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S BtB°| ^38 23| g2A| eOH°J ^oH£ 2X1 LH¥2J 3*^21 B^BS ^ HI 

4* 91^ ^831 ^gfgg £IS 01 xl- 2X|g 25H^M MISS^I ?IS 20IO. 

8 BtS°l Cfc ^8 #8 S2AI §y §2? 28 XHgAI 3 XI 21 ¥2X1 BSPI- X2J dIM 0|» 2 



&d\ g »s2i g^s^i ?i»oi, » «gg ui^« s^i §oh it s^i swai ( i ), (11) ee^ 
(hi)o^ uEfLHoixi^ ^8^1 mmm ee^= oim^j mmmm ^mm^ as 01x1- 2xig 26h^m 
hisbcl 

s clsv mj\ ^oH^ : #MI^AH dlM-2 01^ ^sfM^ OI^CHXI^ S=: % #g 

g^AH Eh^, B£ s*»fl. aSS^. EEi= £111^2^ OI^CHXt^ g^S SBSFfe £IS 0| xh 2XIS 
»S8CL 

oi ok ^ ggi c-m #aiisi 

s ^goj 2oH^^ di^^ son chi ^83i mmmm &ito\o\ ms^a. s Bsoii/Hfe m^i 

sf^Ai (|), (||) cc^ (in)o^ UEILHCHXI^ ^831 ^31 SSS EEfe 0|»2| &BS0I A^gl 4^ 2i 



£>0| ^ Oil AH R 9 R'fe 1xK 2» EE^r 3x> BB3I. B3IIU3I. 0HJ3I SE^ »«S 1». 2X1 5E^= 3Xt m 
%1D\ , EE^r OHjJIOIH, R ^ R'^r AH Sc. i^Sf^U CfS 4= 0-301 Of. &UI R 

SI R'te C1-C4SI BB3I. C 2 -C 4 2J tf^llU^I EE^= C 6 -C 14 2J Ol-W^iej 20| W»5|8HM. i¥ 
2^, M^^, ^2 S! 0I¥CH2 5? CHI AH BS2!PI3|- fckBS|8hQ. g BB0II dhB 

^smi Ahgy 4^ gs^ii 83i snjgsi ^a1i^°i oiis^ mm ^8, aiy as, niiy 4-s 
^s^miy ^ = . Eii^^oii^^ ^ = , ^acieo eoi saq. 

^s^l S^l »»SS 25H^0ll Qimoi 0.1-10 58%. WB5!8^lt.0.1-5 a^SD. 

401 ^ =^1 ^^1 ifiJ-M^j Ai-g^oi 0.1 ^^o\\^ sxi l_h ^ chi ah 

s ^lais^i ch^ii, 10 ^ufa^ s^oii^ sxisj ^^t m^m in £^oi Ahgg e 

^hOll (El- El- ^ HI SOI ^^SehCK 

Ah^j Ajs^j <=>j\ mrnm^ m&M ^hauioiM^i ^^i mm^o ejxn ^shsjch eim oibiu ygsi- 

01 SEI iff ^^^o^AM ^hMUIOIM^II ^^1 gOHSj ^oHS ^Xilt^CK H^UH S^l S2A| 3hMUI0l 

M3i ^^1 gaHELi ^bh^ 2J m^m ^ hi m ^ ^^h^ ^2 e^Ai ee^ §2 ^ 2s xh§ 
ai 2x1 u aiM Maim sxiaj ^^pi- sgrm^ ^§ &x\m ^ ?it\. 

B CHI Aig| ^ dl4^^ ^^1 §0H^ ^g(cyclic) EE^ A^l(chain) 3hMUI0|M2f 

^^1 g DH ^ h Afe^ 4- , S 0|^M e^a^OI Al^m 4-£ S^CK 0IM5J ^aII^oj oj|^^ Oil^^j 

^aUIOIM(EC). a 011 9 3^Mm0IM(0MC). POil^ 3FMUI0|E(deC). DUB Oil H 3fSLH|0|^(MEC) SOI 91 

a. 

2 6h^chi^ ai§ ^AhM¥^^s^5iioiM(LiPF 6 ), ale EHMa»¥£saaioi M(LiBF 4 ) . aiM mm 

^aiOIM(LiCI0 4 ), £IS MdlSP2^0lie^SUI0l^ (CF 3 S0 3 Li), B EIM 

ffl|A«¥2S0^IUI0|e(LiAsFe)g 8HJ EE^ S 01^21 &BS0I XI XI (suppor t i ng) 26HS^^ mJtQ 
Q. 0\m^ 2X1 LH CHI AH £IS Ol^oj g^^jo^ »SSK>i £IS 01X1 2XI2J ^§1 ^f^6MI 

^ ^S°J £IS 01 2XI2J 2oH^8 -20-60°C°J B£ S ^ CHI AH ^§6F01 4V2J aSK)ll/H£ 2iS 

^oi SXI&Q. S aSSI 26H^8 £IS 018 2X1, dlS S£IW 2X! S 28 £18 0I» 2X1 

CHI 4- sia. 

S BS01I/H BIS 01 xl- 2XI2J xh^^^ LiCo0 2 , LINi0 2 , LiMn0 2 , LiMn 2 0 4 , EE^ L i N i t - x - y Co x M y 0 2 

(0<x< 1 . 0<y< 1, 0<x+y<1, M8 AI , Sr. Mg. La B9\ ^^)2I ^8 aiM-20l^^ Mil M£8t 

n, xn^i= i§i ee^ bi§^2j &± mmxw, as s^. ee^ bis m^m A^e^a. 

flit ¥^i^ ^oi^ eie^i saxiioii essfxu ee^ x^^is m&°^ £ 
aehoi a a xii si Aumaioiaa sn a^u ^sskx &>8 a§, ai ee^ 0121 g^ioii 

^8 ^, ^01 ^8?ii mmmo\ 2sh^m ^gjahoi as 01 xh 2x1s m^mo. 

All EH 511 01 EH MaoilBeii. MaiH^^&i §2| 4-XI ^M0| M^m 4= SAP. 
CfiS S 0I6HM S2I ^1 SI-CM df^^S- AI01IS HIAI^CK 3dHU 8PI2| ^A|0||M8 ^ 

a aa ^311 01 a 5^1 «»« hissj^ as as b ^soi »^isi aiaioiioii i^sib ^8 omo. 
MALSl S m in 011 



o 





R— S — R 
II 
O 
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MALffli 1~10 

01113! 9hSL)|OIM/CI0ilg 3hMUIO|e(EC/0MC)^h Sffgj y|^£ <=}| goHOII 1M°I LiPF s » g^SI 

12. SH?I 5 1011 JIXH9 Idh21 ^01 £?}| SUfSS EDioiOi M.AI0II 1-1021 S6H^8 X1IS81SI 

Q. 



[R 1] 





M?^l &D\SM? 




maioii i 


mis m^ 


2 


^ Al Oil 2 


mw = 


2 


MAIOII 3 


miw ^£ 


2 


MAIOII 4 




2 


MAIOII 5 


^Ba<xi m = 


2 


MAIOII 6 




2 


MAIOII 7 


UIH M£ 


1 


MAIOII 8 


Hiy m?= 


5 


MAIOII 9 


ffll W 


1 


MA|0)| 10 


4-S^2SIHiy M = 


1 



mmou 1 

011112] 3^L1IOI^/CIDil^ 3hSUI0|M(EC/DMC)^f 1/12^ SBS bl^£ ^21 gOHOil 1M2J LiPF 6 S §21- 

oi-n , m^hi mmmm mimx\ a»a. 
ggH 

av^i Aj A)0j j 1 ^ 6 a; b|^20j| ^ QSH^Oil CHahCX A^OIM Sg* ^§(cyclic vol tamet ry)01! 2|ShCH ^6H 





waiaeKv) 


MAIOII 1 


0.6 


MAIN Z 


1.3 


MAI Oil 3 


1.1 


MA| 0|| 4 


1.06 


MAI Ml 5 


0.6 


MAI Oil 6 


0.8 


UIXHOI 1 


0.5 



Ah o i n a a aem- aa: 

^2 2^: MCF , 2^: Li-§^. &Q\ 2^: Li-^^ 

B8f S¥|: 3V-0V. Scan Rate: 0.1 mV/s. 

o^| a&SOI S^S MAI Oil 2oH^O| StttSOl SIH9XI Sfg blUOJI 121 26H^ 

oil aisw ^6H aaoi 2^1 ssai sixh ^oHs&i ^6H s&oii/h sei mm ygoi ncn 

gJM Oia *jX|2| Xj|£ 

gf^ #M§ISAH LiCo0 2 . dl-eiCH^AH M£ldiydl&! »^££K)I E (PVDF) 91 £2X11^ AH OUilHeU »2(S 
92:4:421 ggdlS gg^ Qfg, M — CHI B-2-III • £1 ^011 ^ttMdl Hl^S^Cf. 01 ^2H £1 

■ = JHI 20^21 ^ = D!s si! Oil ° as, &£8K)1 g»^§ HlSshSO. SMUSAH 

ah oj^so^ u 1-21 CHS A) PVOFM 92:82| S§fU|£ Di , N- Oil 11 -2- El S £1 ^011 ^A|^ ^ 

y die aiswao. oi £a£i> ^i 15/^21 =?e\ s^chi ° as, 2m am m^m aissha 

D . ^Ol 2^11 25/^m2| MdlOil^^l XWMS] All EH EilOl EHS AFg^Oj 3fl f gj-^ShOi 30mm 

x48mm x6mmOl CHI C|-g , ^>0| ^ A I Oil 1-1021- til IH Oil 12] 2 6H^§ ^S6FCM SUM HIS6h 
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g 2x121 &m 

#D\ MAI Oil 1-10 ^ Ul JHCMI 121 26H^e ^£J6h01 fll£9 dIM 01 » 2X1011 CHoKM CC-CV 2E26K>1IAH 
160mA21 4.2V21 S3 S&SS §2t[ ^. 1 Ala ^Xl° 160mA2J S#i 2.5V^hXI gJSSH! 1A| 

Z!- »»ShaO. 01 3U ^ 600mA2| SUM 2AI2i 4.2V §2 5!^2S i26^ 

Q. £P| 2X| £SI * 2XI2J ^fljOil CHK S3 * ¥M i^Hi 5^1 fi 3011 D\m&&U. 



[3 31 







MAI Oil 1 


6,9 


^IA|0|| 2 


3.4 


MAIOII 3 


5.3 


MA|0|| 4 


3,6 


£A|0|| 5 


6,4 


MAI Oil 6 


7.4 


MAIOII 7 


4.5 


MAI Oil 8 


3,4 


^A|0j| 9 


6,1 


MA|0|| 10 


4.5 


HI 13 Ml 1 


7.9 



a K^AI gXIQJ ^3HI ait 

MAIOII 1-6, 9, 10 9i tilBOII 121 2 5H^S ^gjSfOi HISS £18 01x1- 2X1011 CH 6hCM 85"C£1 H 
£ iy tH CHI AH 4^Z1 gjxl 6hCM 24AiaE»Q 3 ^§6^04 2^1 2X1 £^ ^ SX|2| ^#j|01l □ & g 



[S 4] 





4A|?i- 


24AI2.I- 


48A^ 


7ZM?> 


96A^ 


MA| 0|| 1 


17.?% 


20.9% 


23.3% 


27.3% 


31.4% 


MA| 0|| Z 


7,9% 


12,6% 


16,7% 


21 . 1% 


25,5% 


pi MOW 3 


17.8% 


25,3% 


27,6% 


29,7% 


31,9% 


MAI Oil 4 


7.8% 


15.3% 


21.6% 


23.7% 


25.9% 


MAI Oil 5 


17.6% 


22.8% 


27.2% 


30.2% 


33.1% 


£A|0|| 6 


17,4% 


20,7% 


22.1% 


26.3% 


30.5% 


MAI Oil 9 


17.6% 


22,8% 


27.2% 


30,2% 


33,1% 


MAI Oil 10 


8,9% 


20.6% 


23,2% 


25,1% 


28.5% 


HI 2 OH 1 


22.9% 


28.1% 


30.9% 


33.2% 


35.5% 



MAI Oil 1-6, 9 £ 102J £6H^0l ^£JB BIB 0| x|- 2XI2I- blJUOil 1011 bl Sh04 ^JHISSOI li^! 

?±m mzim ^ sick 
2x1 mm 

M3I MAI Oil 2. 7. 8 » dlJilOH 121 SSH^M AFgShOI HISS £18 01 xh 2X1011 CH 8hOj CC-CV £2i8K>ll 
AH 1C, 4.2V2J §2 §2 6H1 CC £2^^ 1C. 2.75VJHI &S6h01 At- 01 M 4=S 

SCL 3 g:flf» £ 1011 UEfLHStCL £ 1 0il AH aha fifOI , dim Oil 12| 26H^M Ahg& ^Xl^ 

SSS AhOISO! 2iy£j^ m21 S90I ^ XI SMI ^eJ- EJBOII, MAIOII 2. 7, ^ 821 26H^e A[g^ 

SXIfe ^r^^h ^111 ^ h 4- SICK 0>£hAH, MAIOII 2, 7 S! 82j 26H^M M§§[ 3X121- dim 0j| 

121 ssH^e M^m sxisa UEfyt s- ^ 210. 



B ttSSI S3H^01I SDhS MS 711 ^21 SlttSS *3I ^3A| 9hMUI0|E3|| SOHfiD 2Xi ^5HEi 

01 SEI ill 8SS2SW ^MmOIM5|| <=>}| s 0H: ^ ^6H£J^ Sjfll&CK CQ-dhAH S »S2| 2 

6H^0I 5j§§ £18 01 2X1^ £31 g2A| ^MUIOIMIUI ^^1 gOH2] ^6H^ £J*[ D\±9\ *±™m ^ 
Xil ShCtl 2 XI 2J LH^M ^4iA|3|Il, g2A| ^ §2 ? 2£ Xj&AI 2 XI 21 ^3HPf i|[£|fe 51 

^Xiahffl ^S^^E ^^6hD. 

H »S2| &m LH XI 01 ^0t2J SMSI XI^M DIE XF01I 2|5h01 SOIS^I ^A|^ 4- 91 

Hffl, 01 EH ^ ^§0IU ^§8 £¥ B ^S2J S ^ CHI 5&£J^ M 4 SiCK 
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(57) £/■?£/ &9I 

m=?& 1 

dl^S 5? 3 1 SDH; 4! 

5PI 5fSfAj ( | ) (||) (lll)og UEILHCHIIfe Sl&g S! 0IM2I OI^OIS 2°£¥E1 

MEH\ #21 al&SS SSShfc £|g 01x1 SXIg S8H2": 

o o^o O^O 

&j\ 6\ CHI AH R §y R 'i= m. 2X^ 3» . *3lltaPI. 0HJ3I SE^ Xl^& 1», 2» EE^r 3^ * 

, V3IW3I EE^= OHjDIOIIQ, R 9i R'^ AH ^ SSIoh^U D^Oi, n8 . 

m=?m 2 

ail BOII &OUH, 6f3l R 3J R'O! »S2B^|S 1», 2x1- 3» ttB^I. StaiU^I EE^ 0\9tD\21 

BIS Olxl- £XI§ 36H^i. 

S^PS 3 

an if oil 2icH ah , ^oi gs;*! stttsoi chi ^ ag, my as, raw «g. 4-M¥^^miy as, 

»HiJ tfg, EHMdKHI^&l ^ ¥EfQ2t! a?2g 0I¥CH£! 5£^VE1 £l^£lb £-1 M 01 Xh SXIg 

an soil &chah, ^oi stegoi ssh^oii chskx o.i~io mm°i §jos s^st &g oi 

8?» 5 

ans lh xi ai4»s ai= smsi a-oii me ssh^ ; 

gr^ #m§^ah aig-sois^ £hstgs oi^cmxi^ gf=; ^ 

»MSS/H mmXW, EE^= £|»S3©£ OI^CHXI^ 5lf5fb BIS Ol 

» 2 XI. 




20% 

0 % 

1 100 200 300 400 500 

AhOIS .4= 
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